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ABSTRACT
This researchaims to implementan applicationof a Local SpatialData
Infrastructure(SDI) for evacuationplanningof MerapiVolcanodisaster.The
processes,problemsandinformationflowsin evacuationplanningwereexamined.
Oeo-collaborationPortalwascustomizedin ordertoprovidespatialresourcesfor
decisionmakers.It isequippedwithusablemapspresentationa dinteractiontools
to supportcollaborativedecisions.User groupassessmentwas carriedout to
evaluateusabilityof the application.The evaluationresultsshowedthat
collaborativeportalsontopof a localSDI canfacilitateffectivedecisionmaking
processandimprovecoordinationamonginvolvedstakeholdersin thecontext
of disasterpreparednessandmitigation.Severalaspectsneedtobeconsideredin
ordertoachievea functionallocalSDI e.g.availabilityandqualityof thespatial
data,establishmentof localregulationsandstandards,developmentof metadata,
andstrengtheningcapablehumanresources.
Keywords:LocalSpatialDataInfrastructure,geo-portals,usergroupassessment,
usability.
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INTRODUCTION
Thepotentialutilizationof spatialdataandits technologiesfor disaster
managementactivitiesis extensivelydescribed[van Westenand Georgiadou,
2001;Mansoretal.,2004].Localandnationalagenciesincorporatespatialdata
withstatisticalndsocialdata,toconstructhazardidentification,preparationand
mitigationplans,responseactionsandalsoreconstructionprograms.In thecontext
of Merapivolcanicriskmanagement,localgovernmentof SlemanRegencyneed
spatialdatafromvariousnationalagencies(forinstanceBPPTK,Bakosurtanal,nd
BMKO) in the developmentof risk mapof MerapiVolcano.Sucha local
governmenttypicallyneedstocombinethosedatawiththematicdata,collectedby
localagencies(suchasHousing,InfrastructureandTransportationAgency,Health
Agencyor Local PlanningAgency).Othersimilarexamplesof verticaland
horizontaldataneedscouldbeseeninthedeterminationftheevacuationroutesor
refugesrelocationplan.Thisplanningrequiresdatafromdifferentstakeholders
(includingNon-governmentalOrganizations(NOOs)) at differentlevels of
authority.
Unfortunately,in theIndonesiandisastermanagementcontextmanyof
thesedataareseldomused,evenif theywereavailable.Oneexplanationisthatthe
dataarenotyetstandardizedwhichleadsto a lackof harmonizationf datasets
[Kompas,2005].If eachagencytriestocollectheirownrequiredataanddevelop
informationproductswiththeirownspecificationsandcodifications,consequently,
datasharingand integrationof differentspatialdataproducedby agencies
involvesin disastermanagementcannotbeestablished.
One advocatedsolutionstrategyis theestablishmentof a SpatialData
Infrastructure(SDI), asproposedby [Mansourianetal.2006andAditya2008].
SuchanSDI wouldfacilitateaccessanddistributionof spatialdataamonglocal
agenciesandcouldpotentiallyimproveutilizationof spatialdatafor disaster
management.Thisstudyexploreshowa localSDI canbeimplementedtosupport
utilizationof mapsfor analysisfor Merapivolcanicrisk managementactivities,
particularlytheevacuationplanning.
LiteratureReview
MerapiVolcanicHazards
MerapiVolcano,positionedontheborderbetweenCentralJavaProvince
andSpecialRegionofYogyakarta,is themostactivevolcanoin Indonesia.Based
onhistoricaldata,Merapihaseruptedregularlysince1006.Fromitsfirsteruption
Merapihasexplodedmorethan80 times.In the 17thcentury Merapi was
produceone large explosion,resultingmore than 3,000 people dead
[Hadikusumo,1970].Latesteruptionof Merapiwas on June 2006produced
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pyroclasticflows,or"awanpanas"in Indonesian,andkilled2 people.Theywere
buriedinabunkerwhentryingtoescape
fromthedanger.
Most of Merapieruptionhaslow explosivityandusuallyfollowedby
pyroclasticflows.[Newhalletal. 2000] distinguishedtwo types of Merapi
pyroclasticflows. First type is called "Explosionpyroclasticflows"that
originatefrom explosiveeruptions,mostlyby collapseof vertically-directed
explosions.Localtermfor thispyroclasticflowstypeis "awanpanasletusan".
Theirdepositsaretypicallyrichin scoriaceousbreadcrustbombs.Thesecondtype
is "Dome-collapsepyroclasticflows"originateby gravitationalfailureof lava
domes.Synonymof this typein Indonesianis "awanpanasguguran".The
pyroclasticflowsandsurgesusuallyreachabout8to9Ianfromthesummitandat
approximately20Ian,theyaremixedwithlaharsandtephradeposits.Pyroclastic
flowshavecausedmanyvictimsandlosses.For instanceon22November1994,
theywereresponsiblefordamagesin KaliurangandTurgoareasandkill over60
peopleaswell[Itohetal.,2000].
Laharsof Merapiarecommonthreatothesurroundinginhabitants.Since
thebeginningof20thcentury,notlessthan35lahars"eventscausedamageonthe
slopesof Merapi.Historicaldatarecordedmorethan70peoplewerediedand
thousandof housesweredestroyed,aswell as tensof bridges[Lavigneet al.,
2000].
SpatialDataInfrastructure
Spatial Data Infrastructure(SDI) dermedas a set of political,
technological,and institutionalframeworksto facilitatespatialdataavailability,
access,andutilization[Nebert,2004].SDIs providea basisfor spatialdata
discovery,evaluation,andapplicationfor all differentorganizationlevels(e.g.,
regional,national,or local level). SDI developmentsrangefrom local to
state/provincial,national,andinternationalregionallevels,toaglobalevel[Groot
and McLaughin,2000;Masser,2005].Most SDls wereinitiatedby national
mappingagencies[Crompvoetset al., 2004],whichmeandealingwith large
volumesof datain nationalscales.Howeverbottom-upapproachesof SDI
developmentto accommodateherichnessof localGIS applicationsarealso
recognized[Yan,2005;Nedovic-Budicetal.,2004;MullerandvonSt.Vith,2009].
Oneof thekeyelementsof SDI is geoportal,alsoknownasgeospatial
portal.It providesaccesstospatialcontentsogetherwiththemetadata,sousercan
easilyfindspatialdatathattheyneed.ThecontentsincludeofflinedataandOGe
webservicesuchasWMS,WFS,andWCS.Oneof thekeyfeaturesof geoportal
is theabilityto supportdataexchangeandsharingbetweeninstitutionsvia the
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internet.Thereforeredundantdata acquisitioncan be preventedand
coordinationof effortsincollectingdatacanbeenhanced.
In additionto improvingtheaccessibilityof a largevarietyof geospatial
resources,geOportalsofacilitategeocollaborationsi ceit canbeusedin agroup
of user.Geocollaborativeportalenablesa singleuserto interactandexchange
spatialinformationwithina groupwork activities.The dataandinformation
providedin suchportalaremorefocusedto supportdiscussionandsharingto
respondto a particularactivity of decision making process,including
capabilityof creatingannotationsofgeospatialfeaturesinthemaps[Adityaand
Kraak,2009].
In thecontextof disastermanagement,previoustudiesfoundSDI canbe
implementedtoreducetimewastedin datacollectionandtomakemoreefficient
dataintegrationforthepurposeof improvingthedecisionmakingprocessin flood
management[DonnellandBirnbaum,2005,earthquaker sponse[Mansourianet
al. 2006],hazardcharacterizationsandvulnerabilityassessment[Asanteet al.,
2006].Utilizationof geoportalfor disastermanagementhas beenidentified
for enhancingcommunitypreparednessanddistributedcollaborationamonglocal
governmentagencies[Aditya,2008]aswellastoolsfor discovery,visualization
and accessto datarelatedto disasterrisk containedby differentnational
organizations[Molinaetal.,2008].
GeospatialWebServices
Geospatialwebservicesarewebservicesthatallowotherstoaccessdata
and maps hostedby anothergroup using interoperabletechnology.The
specificationsfor servingtheseservicesaredefinedby The OpenGeospatial
Consortium(OGC) who focuseson the developmentof publiclyavailable
geospatialweb standards.The availabilityof numerousaGC specifications
allowinguserstopublishtheirdataservicesinaninteroperablemanner.
OGC Web Services(OWS)representa standards-basedframeworkthat
enableseamlessintegrationof various online geoprocessingand location
services.By the meansof internet,OWS allowsdistributedgeoprocessing
systemsto communicatewith eachother.OWS providea vendor-neutral,
interoperableframeworkfor web-baseddiscovery,access, integration,
analysis,exploitationandvisualizationof multipleonlinegeodatasourcesand
geoprocessingcapabilities[DoyleandReed,2001].
Thereareseveraltypesof webservicesdefinedby OGC, including:data
services,portrayalservices,processingservice,and registryservices.Some
generallyusedOWS areWeb Map Service(WMS), Web CoverageService
(WCS),WebFeatureService(WFS)andWebProcessingService(WPS).WCS
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andWFS aretwoinstancesofdataservicestypewhileWMS is anexampleof the
portrayalservicetype.WMS Servicesaremorecommonlyusedtoservemapsand
maplayers,andperformbasicqueriesaboutheselayers.A WMS allowsforuseof
datafromseveralQifferentservers,andenablesfor thecreationof a networkof
MapServersfromwhichclientscanbuildcustomizedmaps.WFS allowsfordata
features(asGML) tobeaccessedirectly.WCS allowsclientstoaccesspartof
identifiedgridcoverageofferedbyaserver.
THE METHODS
This researchinvestigatesproblems in accessing,sharing and
integratingspatialdataat localgovernment.Moreover,it looksatthepossibility
ofalocalSDItofacilitatedataprovisionandsharingtobeusedinMerapivolcanic
riskmanagementactivities,particularlytheevacuationplanning.Forthis purpose,
interview, questionnairesurvey and field survey were conducted.
Subsequently,aprototypeof a geoportaltosupportheevacuationplanningwas
developedaswellasusergroupassessmenttoevaluatetheprototype.
DataCollection
Therearethreeactivitiesofdatacollectionconductedinthisresearch.Firstprimary
datacollectionwas done by interviewingofficials at local government
agenciesto gatherinformationaboutrisk managementactivitiesof Merapi
Volcanoandexistenceof a localSDI at SlemanRegency.In additiona
questionnairesurveyto 15 selectedinstitutionswasestablished.Thosetwo
activitiesaresupportedby secondarydatacollectionthroughcollectingreport,
productanddocumentationfromthelocalgovernmentinstitutions.Lastactivity
wasmappingtheevacuationbarracksandbunkerin Merapivolcanichazardzones.
Sincethis studyfocusedon evacuationplanning,dataregardingevacuation
barracksandbunkeris important.FortunatelyDinasP3BA onlypossesstabular
dataregardingevacuationbarracksandit hasnot beenupdatedsince2006.
ThereforefieldsurveyusingGPS,digitalcamerandTopographicmapof Sleman
Regencywasestablished.
DataAnalysis
Afterresultsfromtherespondentwascollected,thereis datavalidation
processbeforedataanalysisconducted.Someof theanswersfromquestionnaires
surveyneedtobeverifiedbycomparingitwith'hardevidence'suchasreportsand
documentation.Anotherwaytovalidatetheopinionwasbyvisualobservationto
therespondent.Forexamplein ordertocheckwhetherlocalinstitutionsusedGIS
in their work, the authoraskedthe respondentto show theseGIS. This
confirmationprocesswill makethequestionnairesultsmorevalidandreduce
subjectivityofpersonalopinion.
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Questionnairesultswerestoredin databaseusingMicrosoftExcel.The
databasecontainsanswersfrom 22 respondentswhich comefrom different
institutions.For dichotomoustype questionsthe answerwas presentedin
percentageaswellasmultiplechoicequestions.In themeantimeresultof open
questionswastypedintodatabasesameas whattherespondentwroteon the
questionnaireform.Informationcollectedfrominterviewandquestionnairesurvey
wasthenanalyzedtodescribeandexplaintheMerapiVo1canoriskmanagement
effortsandidentificationof localSDIat SlemanRegency.
Datacollectedfromfieldsurveywasalsostoredin Excelfile.Afterwards
all of locationpointsandits attributeswereprocessedusingArcGIS in orderto
producemapoflocationofevacuationbarracksandbunkeravailableatKecamatan
Pakem,Cangkringan,Too andTempel.Thisinformationwill beusedasoneofthe
datathemerequiredbytheapplication.
MerapiVolcanicRiskManagementatSlemanRegency
ActivitiesofMerapiVolcanicRiskManagement
The factthatSlemanRegencyis oneof theclosestregionsto Merapi
volcanichazardshasraiseawarenessof thelocalgovernmentto developrisk
management.ActivitiesofMerapivolcanicriskmanagementa SlemanRegency
can be classifiedbasedon disastermanagementwhich is riskassessment,
mitigation,andpreparedness.
In termof risk assessment,activityof mappingthehazardsof Merapi
VolcanoessentiallywasconductedbyVulcanologicalSurveyof Indonesia(VSI)
astheauthoritiesonmonitoringandanalyzingMerapiVolcanomovement.VSI
hadstartedto composethemapsince1978basedon extensiveresearchand
assessmentof Merapishazards.Themostrecenthazardsmapwaspublishedin
2002 with scale I :50,000.The hazardsmap was compiledbased on
geomorphology,geology,eruptionhistory,distributionof previouseruption
products,field study.It detailedthe typesof volcanichazardswhichcover
CentralJava andYogyakartaSpecialProvince.Local governmentof Sleman
Regencymakesusethehazardmaptoidentifyvillagesandsub-villagesproneto
volcanicdisasterandemploythisasabasistocompiletheriskmap.Information
onhazardareais usedto determinelocationof evacuationbarracksor to select
whichvillageappropriateforsocializationactivities.
Themitigationeffortsconsistof structuralandnon-structuralmitigation.
Structuralmitigationreferstoanyphysicalconstructiontoreduceoravoidpossible
impactsofMerapivolcanichazards.It includesconstructionfbunkers,evacuation
barracks,evacuationroadsanddevelopmentof EarlyWarningSystem(EWS).
Non-structuralmitigationrelatedto othernon-physicalmeasureswiththeaimof
modifyingthe impactsof Merapivolcanichazardson individualsand the
community.Effortsof the non-structuralmitigationare formulationof the
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regulationfor Merapi Volcano disastermanagement,formationof standard
operatingprocedureforemergencyresponse,andestablishmentofthecontingency
plan.
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Figure1.Evacuationi frastructuremapasoneofmitigationefforts
Preparednesseffortsrelatedwithraisingpublicawarenessregardingtherisk
of MerapiVolcano.Thelocalgovernmentusedsocializationasoneof themethod
to giveunderstandingto thecommunityaboutMerapivolcanichazardsandto
informhowtheyshouldanticipateandprepareforthedisaster.Anothermethodis
byperformingevacuationdrill whichinvolvesthecommunity,localgovernment
agencies,NGOsandvolunteers.It aimedtomakepeoplelivedin thedangerarea
conditionedwiththeemergencysituationso theywill bereadyto anticipatethe
danger.
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Besidesincreasingcommunityawareness,the local governmentalso
provideseducationfor theSearchandRescue(SAR) Team.Withthistraining,
theskillandexpertiseof theSAR Teamis expectedtobeenhancedthustheywill
able to performsearchand rescueoperationspecificallyin ruggedand
mountainousterrain.One more essentialeffort regardingpreparednessi
formulationof theCommunityEmergencyResponse(CER). It is intendedto
activatecommunityparticipationin orderto developproperresponseduring
emergencysituation.
InstitutionalArrangementsofMerapiVolcanicRiskManagement
AccordingtotheBupatiActofSlemanRegencyNo.26/Kep.KDH/A/2003,
in a structuralmannerDinasP3BA is pointedasthecoordinatorof thedisaster
managementactivities. The departmentin DinasP3BA whichhandlesthis
functionis Departmentof NaturalDisasterManagement.Theirmaindutyis to
organizeoperationandmanagementof naturaldisasterat SlemanRegency.In
performingdisastermanagementactivities,otherinstitutionsarealsoinvolved.
BupatiAct of SlemanRegencyNo. 83/Kep.KDH/A/2006statedtheseinstitutions
togetherwiththeirrole,asdescribedinthetable1.
Fromthetable1 we canseethatin performingMerapivolcanicrisk
managementactivities,DinasP3BAneedtocooperatewithotherinstitutions.For
examplein composingtherisk mapof MerapiVolcano,DinasP3BA requires
spatialdatasuchasadministrativeboundary,building,andpopulationdensityfrom
Bappeda.Ontheotherside,BappedalsoneedinformationaboutMerapivolcanic
hazardandtherisktothecommunityasoneof theconsiderationi putin creating
thespatialplanningfor SlemanRegency.Thereforeareadevelopmenta Sleman
Regencywill bemoreeffectivesinceit accommodatedisasteraspectprovidedby
DinasP3BA.
Thereare severaloverlappingroles identifiedamonginstitutions.For
instancePolres,KodimandDinasPol PP & Tibmasarehavingthesametaskto
handlesecurityandsupportheoperationalof evacuationprocess.This overlap
mightbehappensincethoseinstitutionsarememberof theSatlakPB. Another
overlappingrolecanbe foundbetweenDinasKimpraswilhubandPDAM which
providecleanwaterfor theevacuees.This indicatesthatcoordinationbetween
theseagenciesneedsto be achievedin orderto avoidineffectivecleanwater
servIce.
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Table1.Roleof institutionsinMerapivolcanicriskmanagementactivities
Rolesof otherinstitutionsaremainlyappropriatewiththeirownwork
function.ForexampleBPPTK providesthehazardmapanddeterminealertlevel
basedon recentobservationon activityof MerapiVo1cano.Anotherexample
includesDinasKesehatanwhich prepareshealthfacilitiesin disasteremergency
andresponse.
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DinasP3BA Coordinateandperformriskmanagementactivitiesuchasformulation01
thecontingencyplan,evacuationdrill,etc.
Providecentralcommandpostasaplaceforcontrollingdisasteroperation
IPreparevacuationi frastructuresuchas barracks,tent,andemergency
amps
Organizereportandadministrationfdisastermanagement
Bappeda FormulatethespatialplanningbasedonMerapihazardinformation
ProvidespatialdataformappingtheMerapivolcanicrisk
BPPTK ProvidevolcanichazardmapofMerapiVolcano
MonitorandanalyzetheactivityofMerapiVolcano
DeterminealertlevelofactivityofMerapiVolcano
lDinasKimpraswilhub Responsibleto providetransportationfacilitiesand infrastructurefOJ
sastermanagementsuch as transportationmeans,evacuationroads,
ditionalfacilityinevacuationbarracks,andcleanwater
lDinasKesehatan Responsibleto providehealthfacilitiesandoperationalt thedangerous
one,includingdoctors,nurses,ambulancesandmedicines
lDinasNakersos& KB Supportoperationalofpublickitchenandprovidelogistics,includingfoods
mdclothesfortheevacuee
Organizethefuneralforthedeadvictims
KantorTelematika Responsibletoprovidecommunicationa dinformationmeansuchas
HandyTalky(HT)andCCTV
Preparetheearlywarningsystem
PolresSleman Responsibletosecurecommunityinemergencysituation
Supporttheevacuationprocess
Kodim0732Sleman Responsibletosecurecommunityinemergencysituation
Supporttheevacuationprocess
Distributelogisticsaid
DinasPolPP & Tibmas Providepersonneltosupportemergencyresponse
Participatein24hourspostedguard
Preparefireextinguishingunit
I>LN Supplyelectricity
I>DAM Providecleanwater
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EvacuationPlanningofMerapiVolcanoDisaster
Evacuationplanningistheactivitytoarrangetheevacuationprocessof the
villagerslivingin thedangerzonein orderto locatethemtoa saferlocation.In
termsofMerapiVolcanodisaster,SlemanGovernmentincludesthearrangementof
evacuationi thecontingencyplan.Evacuationplanningis organizedforvillages
andsub-villagesatKecamatanPakem,Cangkringan,andTuri whichhavebeen
determinedashighestriskareaaccordingtotheriskmapofMerapiVo1cano.The
planningaimstominimizecasualtiesandtopreparefacilitiesandinfrastructures
neededintheevacuationprocess.
Eventhought eBupatiactof SlemanRegencyNo. 3/Kep.KDWA/2006
has statedoperationprocedureof evacuationprocess,in realityexperiencefrom
the2006eruptionshadrevealedsomecommonhindrances.Inadequateallocation
of medicalservicesin evacuationbarracksis stillhappenedas manyof the
evacueeshave not receivedgas mask to preventfrom volcanic ash.
Consequently,some of themwere comingdown withrespiratoryinfection
[KedaulatanRakyat,2006].Anotheremergedissuewasrelatedwiththecondition
ofevacuationroads[Tupai,2006].
Immediateidentificationofdamagedandimpassableroadsisessentialsan
inputfor thelocalauthoritiesto performappropriater parationor maintenance.
Moreover,therewasalsoaproblemregardinglivestockof thevillagers.Manyof
themwerereturnedtotheirvillagesduringevacuationphasebecauseworriedthat
theirlivestockandcropswouldbevulnerableto theft[Antara,2006].Thelocal
governmenteedstodetermineplacesandstrategiestorelocatethesecattle.
LocalSDI atSlemanRegency
At nationallevel,regulationconcerningimplementationf SDI hasbeen
arrangedby thePresidentialAct No. 85/2007.The importanceof local SDI
implementationhas beenrecognizedby SlemanGovernment.However,the
developmentof localSDI atSlemanRegencyisstillin theinitialphase,onlyafew
initiativeshavebeenconducted.Basedontheinterviewresultswithofficialfrom
Bappeda,theinitiativehadstartedsince2008bydisseminationf the advantages
of a localSDI. In thefollowingyeartheprogrammeis enhancedbyformulating
local regulationdraft as a foundationto implementlocal SDI for Sleman
Government.Sofar,thisruleis stillunderdiscussionandexpectedtobedeclared
in 2010.Apartfromlegaldevelopment,thelocalgovernmenthasbegintoprepare
asingle-basemapof SlemanRegencyandplanstoestablishaprojectforcreating
metadataofallspatialdatainthefollowingyear.
SpatialdataavailableatSlemanRegencywerecomefromdifferentlocal
agencies.Theinventoryis explainedin Table2. It canbeseenthatmostof the
spatialdataareprovidedby Bappedandderivedfromthetopographicmaps
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(1:25,000).This mightbe insufficientfor programsthatneedmoredetail
informationsuchasurbanplanningorlandsysteminsub-districtslevel.BPPDhad
startedto utilizelargerscaleinformationfromIkonosimagein 2005andhad
producedadministrativeboundaryandlandparcelmapswithscaleof 1:5,000.
Theme
Table2.SpatialdataavailableatSlemanRegency
Contents
'llage,sub-district
'.Iage,sub-district
lope,geological,soil, fores
esource,mineand mine
esource, geomorphologic,
oilvvaterreserve
andamplification
'oadnetwork,transportatio
,ystem
'oadnetwork
'ver,irrigationsystem
lectricity networ.
elecommunication
ducationfacility, worshi
laces,commercefacility
ensity
'oss regional domesti
Iroduct,fisheryproduction,:
'ceproduction,industry,ric
elddistribution,cropsplant
Provider
aturalHazards lMerapi volcanic risk,1
andslide,drought,cyclone
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1 Scale
1:25,000
1:5,000
1:25,000
1:25,000
1:5,000
1:50,000
1:25,000
1:25,000
1:25,000
1:25,000
1:25,000
1:25,000
1:25,000
1:50,000
Format
007
005
008
006
005
007
005
005
007
005
005
IndonesianJournal of Geography,Vol 43,No. I, June 2011: 2S - 48
Fromtheinventoryit wasidentifiedseveralduplicationin termof spatial
dataprovision.For exampleroadnetworkwhichwasprovidedby Bappedand
alsoDinasKimpraswilhub.Althoughbothof thedataarein samescalebutthe
formatandfeaturecatalogueis different.Bappedadistinguishesroadinto five
classes(national,collector,local, other,and footsteproad) whilst Dinas
Kimpraswilhubuses threeclasses(national,provincialand regencyroad).
Meanwhile,basedon thequestionnairesultsall the institutionsinvolvedin
Merapivolcanicriskmanagementhavespatialdatawhetherin digitalorhardcopy
format.However,only about27%of thespatialdataarecompletedwith the
metadata.This indicatesnotall institutionsareawareabouttheimportanceof
metadata.The spatialdatagenerallyusedin problemanalysis,instrumentsin
meetingandalsotoolsforfieldsurvey.In termof spatialdataaccessandsharing,
mostof therespondents(68%)experiencedthataccessingspatialdatafromother
institutionsi notdifficult.Therearetwomainmethodstoknowwhatspatialdata
areavailableat institutions,firstlyby searchingin thecatalogandsecondlyby
askingdirectlytoofficial.GivingthedigitalmapsinCD/DVDisthemostcommon
methodofdatasharingcomparedtoprovidingtheprintoutmapsandonlinemaps.
Howevertherearesomeproblemsexperiencedwhentheyintegratingthedatasuch
asdifferentscale/resolution,differentformatandinconsistentfeaturesofthespatial
data.
DevelopmentofthePrototype
UserRequirements
The fieldworkquestionnairesponsesrevealedtherequirementsof the
users,neededtodesignanapplicationforevacuationplanningof MerapiVolcano
disaster.Theserequirementsreferredtothespatialdataforevacuationplanningand
the geospatialweb servicesrequiredin the application.Accordingto the
respondentstherewereatleastsixdatatypesneededbythelocalagenciesin the
processofmakingevacuationplan.Table3liststhesedatatypes.
Onthetopicofgeospatialwebservices,mostof therespondentsexpressed
thattheprototypeshouldprovide a facility where users could discover
information.They also indicatedto havemapvisualizationpossibilitiesin the
prototype.Theyfurthermorebelievedthatusingsatelliteimageswaseasierto
understandthanvector-basedmaps.In addition,about90%expectedto havea
servicewhichoffersthepossibilitytointeractwiththemap.All of theparticipants
agreedthatthespatialdatain theprototypeshouldbeavailableviainternetand/or
intranet.
36
ANALYSIS OF SOLIDWASTE TandangYuliadi
Table3.Requirementof spatialdataforevacuationplanning
...---
.e,location,length P3BA
-...."'"'- --
patialdatatheme
vacuationroads
size,
vacuationbarracks
ealthfacilities e,name,location
illageadministrativemap .e,extent,boundary
olcanichazardmapof
erapiVolcano ardarea,hazardtypes
opulationin thehazardzones
In additiontotheprerequisitesresultingfromsurvey,therewereadditional
requirementsin termsof informationsourcesand needsduring evacuation
process.Examiningthestandardoperationprocedureofemergencyresponseand
analyzingrelevantdocuments( uchasthecontingencyplanandmitigationreports)
helpedtodetermineinformationsharingrequirements.Thefocuswasonfourlocal
agenciesonly;thoseconsideredthemostsignificantin theevacuationplanning.
The resultinginformationeedscanbe distinguishedby threephasesi.e.pre,
duringandpostevacuation.
In thepre-evacuationphase,it is clearthatthe four agenciesrequire
informationconcerningthealertlevelfromBPPTK. Informationprovidedbyone
agencycanbeusedinthiscaseasabasistoperformsubsequentactionsbyanother
agency.For example,theDinasP3BAhasdataabouthenumberof evacueesin
evacuationbarracks,whichtheycandeploytotheDinasKesehatan,whocanthen
determinehowmuchmedicalequipmentandpersonnelshouldbedelivered.
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Table4.Informationeedsinevacuationprocess
Insti'tutT()n-- ~.
inasP3BA
~
Pr~Evacliati()n.."" -.........
hazardzones
notificationofalertlevelfrom
PPTK
susceptiblepopulation
villagemap
evacuationroadscondition
availableresourcesin thevillage
availablefacilities in evacuatio
arracks
inas
. praswilhub
notificationof alertlevelfrom
PPTK
evacuationroadscondition
alternativeroutes
susceptiblepopulationnumber
availabletransportationmeans
locationof evacuationbarracks
~g:evacuati()n
",. '-""""
number of peopl
:vacuatedin
,arracks
numberof injure,
eople
Post-Evacuation
damage
'ea/villages
numberof missin:
eople
traffic flow of th,
ehicles
supplyofthewater
numberof injure
eople
ho need
'eatment
notificationofalertlevelfrom
PPTK
susceptiblepopulationumber
locationofevacuationbarracks
potentiallocationofpublickitchen
numberof peopI.
vacuatedin
arracks
numberof injure
eople
supplyof
.edicines
inasNakersos& KB
notificationofalertlevelfrom
PPTK
susceptiblepopulationumber
locationofevacuationbarracks
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DesignofthePrototype
The requirementswererepresentedin' a visualmodelusingUnified
ModelingLanguage(UML). UML helpsto achieveaneffectivecommunication
betweensystemdevelopersandtheusers.Therearetwotypesof UML diagrams
usedin designinganapplicationforevacuationplanningi.e.usecasediagramand
sequencediagram.
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A use case diagramenablesthe systemdesignerto discoverthe
requirementsof thetargetsystemfromtheuser'sperspective(Tsangetal.,2005).
Thereforethedatacollecteduringthefieldworksupportedthecreationof a use
casediagram.Thisdiagramdescribeswhichactorsareinvolvedandwhichactors
havewhichroles in evacuationplanning.The usecasediagramin Figure2
identifieseveninstitutionswithsignificantfunctions.Thismodelwasusedasthe
basistodeterminetheuserswhowill operatetheprototype.
EvacuationPlaningSystem
EVBQUatiOI)Planing
BPPTK
takeIn.ventaryof
population
arrange lhe traffIC of
evacua«onroaqs
~
DinasKesehaian
.~
Kodim 0732
~
PolresSleman
Figure2.Usecasediagramoftheevacuationplanningsystem
Secondly,a UML sequencediagramhelpedto showtheinteractionf
messagesbetweenobjectsintheprototype.Thisdiagramhastwodimensions:the
verticaldimensiona dthehorizontaldimension,respectivelyrepresentingthe
passageof timeandtheobjectsinvolvedin theinteraction.Thesequencediagram
representssixmainobjects,namely:LoginPanel,GoogleMapsPanel,WMS Layer
Panel,Metadata,MapServerandDatabase.In thebeginning,a userhasto login
beforetostartutilizingthesystemandtoaccessthemappresentations.
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Thepurposeof loginistomanagetheaccessrightsonthemaps,in sucha
waythatonlyrecognizedusersmayobtainaccess.Consequently,unauthorized
userswill notbeableto addinvalidinformationon themaps.Aftera userhas
successfullyenteredthesystem,theGoogleMapsPaneldisplaysa satelliteimage
of theSlemanRegency.Then,theusercanselectanyavailablethematicmap- in
thiscase:anymapwhichmayberequiredforevacuationplanning(supportedby
its metadatainformation).The prototypefacilitatesa user to add any
informationto theselectedmap.This includeappendingnewpoints,lines,and
polygonswithintheGoogIeMaps,andattachingrelevantandsignificantadditional
attributeinformationonthoseobjects.Theinformationi sertedbytheuserissaved
inthedatabase,thusenablingotheruserstoviewit.
An exampleof a detailedsequencediagramfor evacuationplanningis
presentedin Figure3. Basedon theusecasediagram,DinasKesehatanhas
responsibilityin theallocationof healthpersonnelandfacilities.Thistaskcanbe
achievedby makinguseof theprototype.First,DinasKesehatanhadto know
recentsituationat evacuationbarracksin orderto determineappropriatehealth
services.Theinformationcanbefoundin theWMS LayerPanelprovidedin the
prototype.Subsequently,afterecognizingthisinformation,alIocationofthehealth
personnelandfacilitiescanbedeployedby usingaddannotationfacilitiesin the
mapspresentation.
Figure3.Sequencediagramoftheallocationofhealthservices
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GeospatialWebServicesDevelopment
One of theuserrequirementsi to providea portrayalservicein the
prototype.The collectionof datarequiredfor evaluationplanningprecededthe
creationof theservicesin theprototype.Theprototypeonlyuseddatafromthe
KecamatanPakem,Turi and Cangkringan,since the evacuationplanning
prioritizedthesesub-districts.OGC WebMap Service(WMS) andOGC KML
(formerlyKeyholeMarkupLanguage)couldaccommodatethisprerequisite.
WMS isastandardprotocolforserving eoreferencedmapimagesoverthe
Internetthataregeneratedbymapserverusingdatafroma GIS file.WMS maps
canbepresentedin a pictorialformatsuchasPNG, GIF or JPEG, or asvector-
basedgraphicalelementsin ScalableVectorGraphics(SVG) format.The OGC
definesKML as an XML languagefocusedon geographicvisualization,
includingannotationof mapsand images.Geographicvisualizationincludes
not only the presentationof graphicaldataontheglobe,butalsothecontrolof
theuser'snavigationin thesenseof whereto goandwhereto look.Fromthis
perspective,KML is complementarytomostof thekeyexistingOGe standards
includingGML, WFSandWMS.
MapServerwasthesoftwaretoolusedto implementtheWMS instances.
WMS wascreatedforthesub-districtsboundarytheme.Theinitialpreparationof
thespatialdatausedArcGIS.Thenfollowedthecreationof aMapfile(whichis a
textfile requiredby theMapServer).The Mapfiledescribedtherelationships
betweentheobjects.Additionally,it pointstheMapServerto wheredataare
located,anditdefineshowthingsaretobedrawn.SomesoftwaresuchasArcMap,
QuantumGIS,anduDigareprovidingWMS clientsupport.Figure4 presentsthe
WMS of Sub-districtboundaryof KecamatanPakem,Turi andCangkringan
accessedfromArcMapversion9.2.
Thepurposeof implementingOGCKML istodisplaythespatialdatainthe
GoogleMapsPanelthusit canbecascadedsynchronously.TheKML werecreated
for fivethemes:Merapivolcanichazardzones,villageadministrative,evacuation
barracks,evacuationroads,andhealthfacilities.Populationthemewasattachedto
thevillageadministrativemapso eachvillagewouldhaveattributesregarding
distributionof theinhabitants.In ordertogenerateKML filesfor thesedata,the
authorutilizedExportto KML Extensionversion2.5,whichis an extension
developedfor ArcMap9.x.The extensionallowsArcMapusersto exportany
point,polyline,orpolygondatasetinKML format.
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CustomizationofTheGeoCollaborationPortal
TheauthorutilizesGeoCollaborationPortal(Aditya,2008)- anapplication
ofalocalSDI developedbyDr.TriasAditya,forimplementationftheprototype.
The GeoCollaborationPortalaimstosupportdecisionmakersinvestigate,analyze
andprovidealternativesolutionswhendealingwithdisastermanagementat
YogyakartaProvince. It facilitatesdata sharingthroughavailabilityof
enhancedmap interfacewhere various WMS layers can be cascaded
synchronously.It providesynchronousannotationwhich can be used to
share informationamong local agencies.GeoCollaborationPortalwasbuilt
usingPHP programmingandimprovedwithMySQL databasein theserverside
whilethemappresentationwasdevelopedusingGoogleMapsAPI.
In thisresearchseveralcustomizationsto thePortalweremade.Withthe
aimto makethePortalprototypefora localSDI implementation,it supportsthe
evacuationplanningconductedby SlemanRegencygovernment.The foremost
adjustmentregardedthedatalayer.All thecreatedgeospatialwebserviceswere
integratedin theprototype.A totalsix spatialresourcesareavailablein the
prototype:theSub-districtboundary,theMerapivolcanichazardzones,thevillage
administrativeboundaries,theevacuationbarracks,theevacuationroads,andthe
Healthfacilities(Puskesmas).
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BIo~'j)o_ __l"'~
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Figure6.Interfaceoftheprototype
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In additionto thedatalayeradjustment,a newmaplegendfor all data
layerswasa firstenhancementto theprototype.The legendcanhelpusersto
understandwhichfeaturesareavailablein thelayer.A secondenhancementwas
thegenerationofmetadataforeachdatalayer.Themetadataconsistof information
regardingthespatialdataandcreatedbasedon theFGDC's metadatastandard.
Withthesemetadata,userswereabletoviewforexample,descriptionofthespatial
dataandalsoitscontactinformation.Anotherenhancementwascreationof ahelp
file in theprototype.Thishelpfileprovidestheuserwitha guidelinein howto
utilizespecificelementsof theprototype.An adjustmentwasalsomadeintheuser
list of theprototype.Fromtheusecasediagramin thedesignphase,onecan
determinewhichusercanoperatetheprototype.Therearefourlocalagencies
consideredastheusersi.e.DinasP3BA,DinasKimpraswilhub,DinasKesehatan
andDinasNakersos& KB.
EvaluationofthePrototype
Overview
Thepurposeof conductingassessmenttestfortheprototypeof a localSDI
applicationis to determineffectiveness,atisfactionandaccessibilityof the
application.In addition,theassessmentalsoaimsto determineusefulnessof the
prototypein supportingevacuationplanningactivitiesforMerapiVolcanodisaster.
Thetestingalsoincludedagroupdiscussioni ordertoelaborateuserexpectation
andopinionsconcerningissuesof localSDI relatedwiththeapplication.Usability
datawascollectedusingobservationandquestionnairemethodwhilethegroup
discussionwasconductedin a structuredway with predefmedquestions.The
questionnairewas createdusing likert scales format whichmeasures
participantas level of agreementto a statementregardingusabilityissues.
Participantsof theevaluationarerepresentativesfromlocalagenciesinvolvedin
evacuationplanningof MerapiVolcanoDisaster,specificallyDinasP3BA and
Dinas Kesehatan.MoreoverBappedawhich has significantrole in the
implementationf localSDIwasalsopresent.
The evaluationconsistedof utilizationof the applicationbasedon
specific scenarioregardingevacuationplanning.The scenariousedfor test
assessmentwasbasedondisastereventofpyroclasticflowswhichis predictedto
flowdowntothesouthslopetowardsGendol,Kuning,BoyongandBedogRiver.
This pyroclasticflow affectssevenvillagesi.e. WonokertoandGirikertoin
KecamatanTuri; Hargobinangun,andPurwobinanguni KecamatanPakem;
Glagaharjo,Kepuharjo,andUmbulharjoinKecamatanCangkringan[DinasP3BA,
2009].FromthisscenarioseveraltasksweregeneratedforDinasP3BAandDinas
Kesehatani accordancetotheirrolesinevacuationplanning.Meanwhile,tasksfor
Bappedawere establishedbasedon its role as leadinginstitutionin the
implementationf localSDI atSlemanRegency.Someusefulcommentswereput
forwardbytheparticipantsastheycarriedoutthetasksthatweregiventothem
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duringthesession.Thesecommentswerenoticedasoneof significantinput-
besidetheremarkscollectedfromthegroupdiscussion,forfurtherdevelopmentof
theprototype.EvaluationResults.
Fromtheobservationdatait wasrecordedthatall of theparticipants
completedtheir taskssuccessfullyandtheywereableto accesstheprototype
usingdifferentinternetbrowser.On thesubjectof usefulness,resultsof the
questionnaireexpressedthat83%of theanswersweredescribeduseragreement
whiletherestis stilluncertain.All usershavethesameopinionthatspatialdata
availablein theprototypewererequiredto supportactivitiesof evacuation
planning.Theyweresatisfiedwiththeinformationembeddedinthethematicmaps
asforexampletheycouldfmdnumberofpopulationdatawhentheyclickavillage
in villageadministrationlayer.Theywerealsopleasedwith theprototypeas
capabilitytocreateannotationonmapssincetheyutilizedthisfacilityin orderto
finishthetasks.It wasproventhatby usingthisfunction,a usercouldprovide
recentinformationi termof evacuationprocess,suchasnumberof evacueesor
locationofdamagedroads.
Theusersfoundtheprototypewasreasonablyeffectiveastheywereableto
exploreandperformsomeinteractionswiththemapspresentation.Moreover,in
termsof prototypeas featurein providingspatialdatarequiredfor evacuation
planning,100%of theuserswereableto fmdthosedatawhichprovidedby
differentlocalagencies.Responsefromthequestionnairealsoillustratedtheir
satisfactionswiththeuserinterfaceandcontentof theprototype.In caseof the
metadata,mostuserswerepleasedsinceitprovidesvaluableinformation.However
oneoftheparticipantwasuncertainabouthemetadataelementshatwasavailable
inEnglishnotin BahasaIndonesia.Thisnoteis significantfortheimprovementof
theprototype.
A coupleofhindranceswereencounteredduringtheevaluationasfollow:
a. Numberoftherespondentswerenotasmanyasexpectedbefore
b. Internetconnectionwasoccasionallyinterruptedwhenusersworkingwith
thetasks
Nevertheless,in generaltheparticipantshavein thesamemindregarding
theadvantageof a localSDI to supportthe evacuationplanning,as they
employingtheprototype.In orderto enhancetheimplementationf thelocal
SDI,theyinsistedimprovingseveralaspectsuchasavailabilityandqualityof the
spatialdata,establishmentof local regulationandstandard,developmentof
metadata,ndreinforcementofskilledhumanresources.
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CONCLUSIONS AND RECOMMENDATIONS
TandangYuliadi
Riskmanagementis indispensableinordertoprotectandreducetheimpact
of MerapiVolcanodisasterto the community.SlemanGovernmenthas been
executinghazardsidentification,riskassessment,mitigationmeasuresand
preparednessactions.It is foundthatin performingtheseactivitiespatialdata
arehighlyutilizedby thelocalgovernment.Therearea coupleof important
findingsrelatedto therisk managementactivities.First,therisk management
requiredcooperationandcoordinationamongdifferentlocalagencies.Eventhough
theBupatiAct clearlystatedrolesof eachagency,in its implementationsome
overlappingfunctionswereoccurred.Second,althoughthelocalgovernmenthas
produceda standardoperatingprocedurefor evacuationprocess,somegeneral
obstacleswere identifiedin the field. It includesinsufficientmedical
services,identificationofdamagedevacuationroadsandlivestockdilemmaofthe
villagers.A localSDIcouldbeintroducedtoovercomesuchproblems.
Thestudyfoundthatinordertosupporttheriskmanagement,localSDIhas
to be ableto providerelatedspatialresources,accessto thedata,metadata
information,andwebserviceswhichenablesinteractionswithspatialresources.
Thesefunctionalitiesarebasisfordevelopmentof theprototype.It is foundthat
geoportalcan be exploitedto providespatialdataresources,metadatalayer
andinteractivemappresentation.Meanwhile,geospatialwebservicesrepresented
byWMS andKML filesweregeneratedtosupplythespatialdatatothegeoportal.
Fromthis researchit is foundthatusersof theprototypehavein thesame
agreementconcerningtheadvantageof a localSDI to supporthe evacuation
planning.However, some suggestionswere alsorecordedfor the next
prototypedevelopment.
Recommendationsforfutureresearchareasfollows:
a. This researchis limitedon spatialdatautilizationby localgovernment
agencies.Sinceusersof thelocalSDI arenot only fromgovernment
institutions,further studies should incorporatesdata from other
stakeholders.
b. This researchis mainlydiscussedon thetechnologicalspectof a local
SDI. Othercomponents,whicharesignificantto localSDI development,
arenotdetailed.Furtherstudiesconcerninglegal,institutionalor human
resourcesaspectsarerequired.
c. Regardingdevelopmentof theprototype,an interestingnextstepwill
be to enablespatialanalysisontopofthemappresentation.Itwill require
implementationfothergeospatialwebservicesuchasaGe WFS,wes,
WPSandintegrationwiththegeodatabaseofthedataset.
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d. This researchis focusedon evacuationplanningactivitiesof Merapi
Volcanodisaster.Studieson otherrisk managementactivitiesor other
hazardstypeswill enrichutilizationofalocalSDIapplication.
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